In this study, the chemical composition and biological activities of the essential oil (EO) extracts (from leaves and cones) of the Tunisian Thuja occidentalis were evaluated. The composition of the leaf EO extract was more complex than that of the cones. The major components of the leaf EO extract were α-Pinene (34.4%), cedrol (13.17%), and β-Phellandrene (8.04%), while the composition of the cone EO extract was characterized by the predominance of α-Pinene (58.55%) and 3-Carene (24.08%). All EO extracts showed much better antioxidant activity than Trolox against 2, 2 -diphenyl-1-picryl hydrazyl (DPPH) radical scavenging, but EOs extracted from leaves exhibited the highest total antioxidant activity. All EOs showed strong antibacterial and antifungal activities against nine tested foodborne microorganisms (Bacillus cereus American Type Culture Collection (ATCC) 1247, Listeria monocytogenes ATCC 7644, Staphylococcus aureus ATCC 29213, Aeromonas hydrophila EI, Escherichia coli ATCC 8739, Pseudomonas aeruginosa ATCC 27853, Salmonella typhimurium NCTC 6017, Aspergillus flavus (foodborne isolate), and Aspergillus niger CTM 10099. The highest antimicrobial activities by disk diffusion assay were recorded for the EOs extracted from leaves, while no difference in potency was marked between leaf and cone EO extracts by the agar dilution method. The most potent antimicrobial activity was recorded among fungi. This study confirms the strong antimicrobial and antioxidant potential of EO extracts from the Tunisian T. occidentalis (from the Sidi Bou Said site), highlighting its potential as a natural preservative against foodborne pathogens, particularly against E. coli and S. typhimurium.
Introduction
Thuja is a small genus of the Cupressaceae family that has five existing species, including Thuja occidentalis [1] . T. occidentalis is also known as American Arbor vitae or white cedar. It is indigenous to eastern North America and is grown in Europe as an ornamental tree [2] . Native Indians first identified the plant in the 16th century as a remedy for the treatment of weakness from scurvy (British Herbal Pharmacopoeia. Thuja, British Herbal Medicine Association, West Yorks, UK, 1983) . In folk medicine, T. occidentalis has also been used to treat bronchial catarrhal, enuresis, cystitis, psoriasis, uterine carcinomas, amenorrhea, and rheumatism [3] . Moreover, its essential oils (EOs) isolated from the leaf have been used to treat fungus infections, cancer, moles, and parasitic worms [4] .
In recent years, the interest in the antioxidant activity and antimicrobial activity of EOs, plant extracts, and/or other isolated natural compounds from higher plants has markedly increased [5, 6] . In fact, both the antioxidant activity and antimicrobial activity of plants are directly related to their EO composition [5, 7] . There is limited data on the antioxidant and antimicrobial activities of Thuja in genaral, as most studies have focused on Thuja orientalis. The limited number of reports on T. occidentalis are from origins other than Tunisia [8] [9] [10] . Since the EO composition varies based on geographical origin and edaphoclimatic conditions [8, 9] , we investigated the chemical composition of the EOs of the Tunisian T. occidentalis (leaves and cones). Moreover, the antioxidant, antibacterial, and antifungal activities of its EO extracts were also determined.
Materials and Methods

Sampling
Leaves and cones of T. occidentalis were handpicked in May 2017 from Sidi Bou Said (northeast of Tunis, situated at 36.87 • north latitude, 10.34 • east longitude, and 98-m elevation above sea level). Aerial parts of the plants were air-dried at room temperature for two weeks before EO extraction and further analyses.
Essential Oil Extraction
Volatile oils were extracted from 100 g of air-dried leaves by hydrodistillation for 3 h using a Clevenger-type apparatus. EO yields were estimated on the basis of the dry weight of plant material. Oils were dried over anhydrous sodium sulphate, filtered, and then stored at 4 • C until use.
Gas Chromatography-Mass Spectrometry (GC-MS) Analysis
The chemical composition of EOs was analyzed by GC-MS (Hewlett Packard 6890) coupled with an HP 5973 mass selective detector (Agilent technologies, Inc., 2850 Centerville Road Wilmington, DE 19808-1610, USA), set to scan from 20 to 550 m/z. GC-MS analysis was performed using a capillary column HP-5ms (5% phenyl methyl siloxane), 30 m (length) × 0.25 mm (diameter), 0.25 µm (film thickness). The column oven temperature was initially held at 40 • C, programmed to reach 250 • C at a rate increase of 10 • C/min, and then held at 250 • C for 10 min. The total run time was 75 min. The temperatures of the injector and detector were set at 250 and 310 • C, respectively. The carrier gas was helium at a working flow rate of 1.5 mL/min. The injection (1 µL) was carried out manually in the split mode at a 1:50 split ratio. The ionization energy was 70 eV. EOs were identified by comparing their retention time and mass spectra using the Wiley/NBS mass spectral library. Compound percentages were calculated using the peak area normalization [11] .
Determination of Total Antioxidant Activity
The assay was based on the reduction of Mo (VI) to Mo (V) by the extract and subsequent formation of a green phosphate/Mo(V) complex at acid pH [12] . Briefly, an aliquot of 0.1 mL of sample solution was combined in a vial with 1mL of reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate, and 4 mM ammonium molybdate). The blank solution contained 4 mL of reagent solution and 1 mL of methanol. The vials were capped and incubated in a water bath at 95 • C for 90 min, then cooled to room temperature. The absorbance of each sample was measured at 695 nm against the blank. The total antioxidant activity of T. occidentalis EOs is expressed as Trolox equivalent.
2, 2 -diphenyl-1-picryl hydrazyl (DPPH) Free Radical Scavenging Assay
The antioxidant activity percentage of each EO extract was assessed using the DPPH free radical scavenging assay [13] . The samples were reacted with the stable DPPH radical in a methanol solution. The reaction mixture consisted of different sample concentrations diluted in methanol (1, 10, and 100 µg/mL), to which was added 0.25 mL of DPPH radical solution (0.2 mM). When DPPH reacts with an antioxidant compound, which can donate hydrogen, it is reduced and causes changes in color (from deep violet to light yellow). After 30 min of incubation at room temperature, changes in absorbance at 517 nm, relative to a blank solution, were monitored.
The antioxidant activity percentage was calculated as follows [14] :
where A 0 and A 1 correspond to the absorbance of the control and the sample, respectively. The concentration of EO that could scavenge 50% of DPPH (IC 50 ) was also calculated.
Antimicrobial Activity
Microbial Strains
A panel of microorganisms was used that included three Gram-positive bacteria (Bacillus cereus American Type Culture Collection (ATCC) 1247, Listeria monocytogenes ATCC 7644, and Staphylococcus aureus ATCC 29213), four Gram-negative bacteria (Aeromonas hydrophila EI, Escherichia coli ATCC 8739, Pseudomonas aeruginosa ATCC 27853, and Salmonella typhimurium NCTC 6017), two fungi strains (Aspergillus flavus (foodborne isolate) and Aspergillus niger CTM 10099), and one yeast strain (Candida albicans ATCC 2091). The A. flavus strain used in this study was a foodborne fungi strain isolated, identified to the species level, and stored at the Pasteur Institute of Tunis (University of Carthage, BP 74, 13 Place Pasteur, Belvédère, 1002 Tunis, Tunisia) [15] .
Bacterial strains were grown on trypto-casein-soy agar (TSA) plates and incubated at 37 • C for 24 h (except for A. hydrophila EI: grown at 30 • C for 24 h) [16] . Fungal strains were grown on potato dextrose agar (PDA) plates at 28 • C for 72 h. C. albicans was grown on a Sabouraud dextrose agar (SDA) plate at 30 • C for 48 h. All culture media plates were purchased from ThermoFisher Scientific.
Disk Diffusion Assay
The antibacterial and antifungal activities of the two evaluated EOs were determined by disk diffusion assay [17] . The inoculum was prepared by direct colony suspension [17] . Briefly, 100 µL of suspension containing 10 8 CFU/mL of bacteria cells, 10 6 CFU/mL of yeast, and 10 4 spores/mL of fungi were spread on Petri plates containing TSA, SDA, and PDA media, respectively. The paper disks (6 mm in diameter) (Sigma Aldrich, Saint-Louis, MO, USA) were separately impregnated with 15 µL of each essential oil and placed on the agar, which had previously been inoculated with the selected test microorganisms. Gentamicin (10 µg/disk) and amphotericin B (20 µg/disk) (Biolab Zrt, Budapest, Hungary) were used as positive controls for bacteria and fungi, respectively. Disks without samples were used as a negative control. Plates were kept at 4 • C for 1 h. The inoculated plates were incubated for 24 h for pathogenic bacterial strains, 48 h for yeast, and 72 h for fungi isolates at 37, 30, and 27 • C, respectively. Antimicrobial activity was assessed by measuring the diameter of the growth-inhibition zone in millimeters for the test organisms compared to the positive control. The MIC and MBC of EO extracts were determined for the selected test strains using the agar dilution method described by CLSI document Vet 01-A4 [17] . Tested concentrations were 0.03-400 µg/mL.
Results and Discussion
Essential Oil Yields
The hydrodistillation of T. occidentalis organs furnished odoriferous and very pale yellow colored EOs. The EO yield, based on dry weight, varied between cones (2.1%) and leaves (0.9%). The present data are in line with the literature, as Al Hafi et al. (2013) [18] and Vaičiulytė and Ložienė (2013) [19] reported that the EO yield in Juniperus excelsa and Cupressus arizonica, respectively, was higher in cones.
The recorded EO yield for the Tunisian T. occidentalis was relatively high compared to some other plants used industrially for their EOs: Artemisia absinthium (0.57%) and Artemisia pontica (0.31%) [20] , rosa (0.1-0.35%), lavender (0.8-1.8%), menthe (0.5-1%), bitter orange (1%), and rosemary (1-2.5%) [21] .
The reported EO yields from T. occidentalis were different from those reported in the literature for the same plant harvested from different locations (cones, Iran: 0.97%; leaves, northwestern part of Himalaya: 0.2%) [22, 23] . This variation is explained by the difference in the geographical origin, climate, and edaphology, which impact the EO composition [8, 10] .
Chemical Composition of Essential Oils
The chemical composition of EOs collected from two organs (leaves and cones) of T. occidentalis was analyzed. Table 1 and Figure 1 summarize the identified compounds, their percentages, as well as their corresponding retention times. Qualitative and quantitative differences among the EOs collected from leaves and cones of T. occidentalis were noted. The number of EOs extracted from the leaves (n = 25) of T. occidentalis was higher than the EOs extracted from the cones (n = 13). Those EO components accounted for 100% and 99.98% of the EOs extracted from leaves and cones, respectively. The major constituents identified in EOs extracted from the leaves of T. occidentalis were α-Pinene (34.4%), cedrol (13.17%), β-Phellandrene (8.04%), and 3-Carene (7.32%) ( Table 1 ). The major constituents identified in EOs extracted from the cones were α-Pinene (58.55%), followed by 3-Carene (24.08%) and terpinolene (3.73%) ( Table 1) . Different EO constituents have also been reported for T. occidentalis in the literature [8, 24] . While the percentages and overall EO composition varies from the ones reported herein, some identified EO constituents are similar to those from different studies. For instance, EOs extracted from leaves of Symmetry 2018, 10, 649 6 of 11 a Bulgarian T. occidentalis contained 70 components and was dominated by sabinyl acetate (16.55%), fenchone (12.87%), sabinene (12.14%), β-Thujone (9.48%), and α-Pinene (3.33%) [24] , while the EOs extracted from Slovakian T. occidentalis were rich in α-Thujone, β-Thujone, and fenchone, accounting for more than 50% of all the oils (Swajdlenka et al. 1999) [8] .
Moreover, similar EO components to those reported in our study but at different percentages, along with additional constituents, have been reported in the literature for T. orientalis) [22, 23] . For example, the major components of EOs extracted from the leaves of Iranian T. orientalis were α-Pinene (21.9%), α-Cedrol (20.3%), ∆-3-Carene (10.5%), and limonene (7.2%) [22] , while the major components of EOs from the leaves of T. orientalis harvested from the northwestern Himalaya were α-Pinene (29.2%), ∆-3-Carene (20.1%), α-Cedrol (9.8%), caryophyllene (7.5%), and limonene (5.4%) [23] .
These variations in EO profiles may be attributed to the differences in geographical origin, genetic variability, environmental conditions, harvesting season, climate, soil composition, drying procedure, and organs [25, 26] .
Antioxidant Activities
All the tested EO extracts (leaves and cones) from the Tunisian T. occidentalis exhibited significant antioxidant activity, higher than that of Trolox ( Figure 2 ). Our results agree with the known antioxidant potential of EO extracts from T. occidentalis [27] [28] [29] [30] [31] . The EOs extracted from leaves exhibited a higher total antioxidant activity than the EOs extracted from cones (Figure 2) , which was consistent with their respective IC 50 (200 µg/mL for leaf extracts, 150 µg/mL for cone extracts, and 100 µg/mL for Trolox). Marked IC 50 values for EO extracts were comparable to those reported in the literature in various studies (reported IC 50 range 124.11-202.45 µg/mL) [28, 29, 31] . The scavenging of DPPH radicals of EO extracts from cones and leaves were comparable to that of Trolox when tested at the same concentration ( Figure 3 ). Similar to Ololade et al., the percentage inhibition of free radicals was dose dependent [30] . 
Antimicrobial Activity
Both investigated EO extracts from cones and leaves of the Tunisian T. occidentalis exhibited antimicrobial activity against all tested microorganisms (MIC, MBC, and disk diffusion assays) (Tables 2 and 3 ). Concentration (µg/mL) 
Both investigated EO extracts from cones and leaves of the Tunisian T. occidentalis exhibited antimicrobial activity against all tested microorganisms (MIC, MBC, and disk diffusion assays) (Tables 2 and 3 ). Values are presented as means of three measurements ± standard deviation (mm). 1 Gentamicin. 2 Amphotericin.
Symmetry 2018, 10, 649 8 of 11 Considering test zone diameter of inhibition (mm) obtained by the disk diffusion assay, all EO extracts were less potent than the quality control antimicrobials used (gentamicin and amphotericin) ( Table 2 ). In addition, EO extracts from leaves of Tunisian T. occidentalis were more potent than those extracted from its cones ( Table 2 ). The most potent antimicrobial activity by the disk diffusion assay was noted for EO leaf extracts against the tested Gram-positive strains, with L. monocytogenes ATCC 7644 recording the highest test zone diameter of inhibition (16 mm) among tested strains (Table 2) .
MICs (range 12.5-25 µg/mL) and MBCs (range 25-50 µg/mL) by the agar diffusion assay were recorded for all the tested strains (Table 3) and were in accordance with the disk diffusion assay data ( Table 2 ). MIC and MBC data showed that EO extracts from leaves of Tunisian T. occidentalis were equipotent with those extracted from its cones, since the difference in both MIC and MBC values between EOs from cone extracts and EOs from leaf extracts was of twofold. Similarly, due to the twofold difference seen in MIC and MBC values among the tested Gram-positive and Gram-negative strains, no difference in potency for all the tested EOs (cones and leaves) extracted from the Tunisian T. occidentalis was recorded among tested Gram-positive and Gram-negative strains by the agar diffusion assay. In contrast, Khubeiz et al. (2016) [32] noted more potent antimicrobial activity among tested Gram-positive strains for EOs extracted from Syrian T. occidentalis. Similar to Khubeiz et al. (2016) [32] , other studies also demonstrated that Gram-positive bacteria are more sensitive than Gram-negative bacteria to EOs extracted from various plants [33, 34] , which could be explained by the presence of the protective hydrophobic lipopolysaccharide in the outer membrane of Gram-negative bacteria [35, 36] .
Despite their comparable potency against the tested Gram-positive and Gram-negative bacteria, all the tested EOs (cones and leaves) extracted from the Tunisian T. occidentalis were most potent against fungi and yeast in our assay. However, EO extracts from leaves of Tunisian T. occidentalis were equipotent with those extracted from its cones against A. niger and C. albicans (MIC 6.25 µg/mL ± twofold dilution; MBC 12.5 µg/mL ± twofold dilution). The lowest MIC (3.12 µg/mL) and MBC (6.25 µg/mL) values recorded were for EO leaf extracts against A. niger (Table 3) .
All the generated susceptibility data were in accordance with the literature, as the antimicrobial effect of EOs extracted from various Thuja, including T. occidentalis [37, 38] , T. orientalis [39] , and T. plicata [10] , has been reported against numerous microorganisms such as: S. aureus, Streptococcus spp., E. coli, and P. aeruginosa [37] [38] [39] ; B. subtilis, C. diphtheriae, S. typhimurium, Shigella spp., and fungus strains [39] ; C. albicans, C. tropicalis, and C. glabrata [10] .
It is difficult to correlate the antimicrobial activity with a specific EO component without testing each component alone. In fact, the antimicrobial activity of the entire extract could be due to their major or minor component alone or due to a synergetic effect between two or more components. Nevertheless, biological activities have been demonstrated to be linked to the most abundant components [10, 26, 40] . We assume, pending further investigation, that the antimicrobial activity of EOs extracted from Tunisian T. occidentalis is mainly attributed to the presence of the major constituent α-Pinene (34.4% and 58.99% in leaf and cone extracts, respectively) ( Table 1 ). The antimicrobial activity may also be partly due to the presence of 3-Carene (7.32% and 24.08% in leaf and cone extracts, respectively) and cedrol (13.17% in leaf extract) in the EO extracts (Table 1) .
Conclusions
Our results revealed significant variations in the composition, yield, chemical profile, and antioxidant and antimicrobial potentials of EOs extracted from the leaves and cones of the Tunisian T. occidentalis. The highest antioxidant and antimicrobial activities (by the disk diffusion assay) were recorded for the EOs extracted from leaves. Considering the MIC and MBC susceptibility data (by the agar dilution method) alone, along with the acceptable the twofold difference in MIC and MBC values, the antimicrobial activities of EOs were comparable between leaf and cone extracts among the same tested microorganism. The most potent antimicrobial activity was recorded among fungi. Overall, the current data showed an interesting antimicrobial and antioxidant profile of EOs extracted from the Tunisian T. occidentalis (from the Sidi Bou Said locality, located northeast of Tunis), which could provide a benefit with the potential use of this plant and its EO extracts as a source of natural antioxidants and antimicrobials to preserve food. Similar studies should be conducted to verify whether the current findings apply to T. occidentalis from different localities in Tunis. Moreover, further investigation should be conducted to determine the active components of the EOs extracted of the Tunisian T. occidentalis, followed by more in vitro and in vivo experimentations, including toxicological tests. 
